The structural interactions between T cell receptors and MHC-peptide complexes place physical limits on self-nonself discrimination.
The activation and expansion of T cells in an antimicrobial immune response is based on the ability of T cell receptors (TCR) to discriminate between MHC-bound peptides derived from different microbial agents as well as self-proteins. However, the specificity of T cells is constrained by the limited number of peptide side chains that are available for TCR binding. By considering the structural requirements for peptide binding to MHC molecules and TCR recognition of MHC-peptide complexes, we demonstrated that human T cell clones could recognize a number of peptides from different organisms that were remarkably distinct in their primary sequence. These peptides were particularly diverse at those sequence positions buried in pockets of the MHC binding site, whereas a higher degree of similarity was present at a limited number of peptide residues that created the interface with the TCR. These T cell clones had been isolated from multiple sclerosis patients with human myelin basic protein, demonstrating that activation of such autoreactive T cells by microbial peptides with sufficient structural similarity may contribute to the disease process. Similar findings have now been made for a variety of human and murine T cell clones, indicating that specificity and cross-reactivity are inherent properties of TCR recognition. The observations that particular TCR are highly sensitive to changes at particular peptide positions but insensitive to many other changes in peptide sequence are not contradictory, but rather the result of structural interactions in which a relatively flat TCR surface contacts a limited number of side chains from a peptide that is deeply embedded in the MHC binding site.